Effective public health nutrition interventions are needed to curb the escalating prevalence of non-communicable diseases (NCDs) in many Arab countries. In order to generate the scientific evidence needed for the success of these interventions, an informed research agenda should be developed. The purpose of this review is to identify gaps and opportunities for research on nutrition and NCDs among Arab countries, which is an important step towards the formulation 
Introduction
During the past decades, many Arab countries have witnessed economic, social, and lifestyle changes accompanied by a rapid increase in noncommunicable diseases (NCDs) and obesity prevalence [1] . This increase was the highest in the world between the years 2006 and 2015 [2] . In 2008, the death count due to NCDs in Arab countries was 1.2 million, accounting for almost 60% of all deaths. In addition to these high rates, the profiles of NCDs among Arab countries are significantly different from other countries and even differ between the Arab countries themselves. For instance, the epidemiological transition currently experienced by most Arab countries, from a burden of disease dominated by mortality from infectious diseases to mortality from NCDs, is compressed into a shorter time frame than that experienced historically by developed countries. Additionally, there is a coexistence of infectious diseases and ill-functioning health systems together with the escalating burden of NCDs in many Arab countries [3] [4] [5] . Furthermore, there is a clear socioeconomic and wealth gradient as a result of oil production in Arab countries. Such a gradient may have a direct influence on the NCDs profiles of these countries [6] . Concomitant with the escalating burden of NCDs, Arab countries have been undergoing nutrition transition and changes in dietary habits, which were both postulated as major risk factors for most NCDs. In fact, in Arab countries, available data show that diet and high body-mass index (BMI) are the risk factors with the highest attributable disabilityadjusted life years (DALYs) for NCDs [7] . Since the turn of the century, due to ongoing rapid urbanization and economic growth, many Arab countries have been witnessing an erosion of traditional dietary patterns (ie, rich in fruits, vegetables, and complex carbohydrates) and the migration towards a more Westernized type of diet that is lower in carbohydrates and higher in animal-based food. This type of diet is high in sugar and caloric content and contains larger amounts of processed food (eg, chocolate, soft drinks) [1] . A comparative risk assessment study examining the impact of dietary habits on cardiovascular and diabetes mortality in 22 Arab countries showed that low intake of protective foods, namely fruits and whole grains, was the leading dietary risk factor for cardio-metabolic diseases (CMD) and diabetes mortality, accounting for 12% and 11% of CMD deaths, respectively. Furthermore, among harmful dietary factors, high intake of sodium was responsible for the highest proportion of CMD deaths [8] .
The escalating prevalence of NCDs and their related risk factors has led most Arab countries to hold national, regional, and international meetings in order to find solutions that will curb the burden of these diseases [9, 10] . A common recommendation of these meetings is the need to develop public health policies and interventions tackling the main modifiable risk factors of NCDs, including nutrition and dietary habits [9, 10] . These policies and interventions ought to be based on the best available scientific evidence for their feasibility, efficacy, and cost effectiveness [7] . Although studies conducted in developed countries contributed significantly to such scientific evidence, their results may have limited applicability to Arab countries given the distinct NCDs profiles in these countries and the specificities of their dietary habits and practices [11] . Therefore, an elemental step towards the success of public health nutrition policies and interventions to curb the NCDs epidemic in Arab countries is the formulation of a comprehensive and informed research agenda that will ultimately allow for generating the needed robust context and culture specific evidence base. Such an informed research agenda will support Arab countries in reducing research waste and will assist research funders in setting granting priorities in the area of nutrition and NCDs [12] .
Over the past 2 decades, scoping reviews have become an increasingly popular form of knowledge synthesis of healthrelated research, especially in areas with complex multifactorial concepts, disciplines with emerging evidence, and where various study designs are employed [13] . Among reasons cited for conducting a scoping review, the most relevant in the context of this study are: examining the extent, range, and nature of research activity; identifying gaps and opportunities in the existing literature; informing practice, programs, and policy; and providing direction for future research priorities [14, 15] .
The objective of this scoping review is to identify gaps and opportunities in nutrition research in relation to NCDs in order to formulate an informed research agenda leading to evidencebased national policies and interventions to curb the escalating burden of NCDs in Arab countries. Using PubMed, a literature search was conducted to retrieve articles that addressed nutrition in relation to NCDs in Arab countries between the years 2006 and 2015. According to Ulrich's International Periodicals Directory, approximately 57% of indexed Arabic medical journals are not covered by PubMed [16] . To ensure sufficient coverage of Arabic journals the search was also carried out in Embase, Scopus, EBSCO, and ProQuest. With the addition of these databases, the coverage of indexed Arabic medical journals in this review increased to 82%.
Approach
A scoping review method was implemented to examine and study the relevant literature. For the purpose of this study, the methodological framework first proposed by Arksey et al and revised later by Levac et al was used [13, 14] . This framework consists of 5 iterative steps: (1) identifying the research question; (2) search strategy; (3) selection of relevant studies; (4) data charting; and finally (5) collating, summarizing, and reporting the results [14] .
Identifying the research question
The primary research question that guided this study: What are the existing gaps and opportunities of current research led by scientists affiliated with institutions in the Arab world in the area of nutrition in relation to NCDs?
Search strategy
The search strategy was developed by a multidisciplinary team consisting of a nutrition epidemiologist, an NCDs epidemiologist, 2 clinical nutritionists, and a librarian. Three main topics related to the key concepts of the research questions were identified, namely Arab countries, nutrition, and NCDs. 
Selection of relevant studies
A total of 2851 articles were identified using the search strategy. Several meetings of the research team were held at the beginning, midpoint, and at the end of the review to discuss issues related to selection of relevant studies. The process of choosing the criteria for selecting relevant studies was iterative and relied on examining the title, abstract, and, when necessary, the full text of the articles. Two independent reviewers (HS and SH) examined the titles and abstracts of the 2851 identified articles. When disagreement occurred regarding the inclusion/exclusion of an article, the input of a third reviewer from the research team was sought. For every batch of 500 articles reviewed, the agreement between the 2 reviewers was assessed. Only in one instance was the agreement found to be below 85%, and a meeting was held between members of the research team to clarify the selection process and address concerns.
For an article to be selected and included in this review the following conditions should have been met: 1-The affiliation of the first or the corresponding author was with an institution in Arab country. Articles in which the first and/or the corresponding author were affiliated with an institution in any Arab country were included. The affiliations of the first authors were extracted from PubMed. As for the affiliations of the corresponding authors, they were imported from EMBASE for the years 2005 until 2014, when these affiliations became available through PubMed. The affiliations of both the first and the corresponding authors were considered relevant because in health, nutrition, and medical sciences, both are generally considered the main authors of multi-authored article. 2-The article addressed one of the 4 main NCDs as listed by the WHO (cardiovascular diseases, cancers, chronic respiratory diseases, and diabetes) or one of the main metabolic or physiological risk factors for these NCDs (elevated blood pressure, high blood glucose, overweight or obesity, and hyperlipidemia) [17] . 3-The article addressed nutrition or nutrition-related topics, such as energy, macro-or micronutrients, foods, diets, and dietary habits.
Of the 2851 articles identified through the search strategy, 1771 were excluded at the title and abstract review level for irrelevance and/or for not meeting the inclusion criteria. Upon reading the full text of the articles, 233 additional articles were excluded. Out of the remaining 847 articles, 23 were duplicates and were also removed. The final count of articles included in this review was 824 (Fig. 1 ).
Data charting
In line with the scope of the research question of this study, the research team developed the data charting form in order to determine which variables to extract. The development process of this form was iterative in that, after the initial version was developed, the 2 researchers who later conducted data extraction independently pilot tested the form by reviewing and extracting data from 15 articles. The research team then met to review the pilot test of this form and used the results to refine it in order to ascertain that the approach that they had used appropriately addressed the research question of the study. The data charting form captured information related to the affiliation of the corresponding author, year of publication, impact factor (IF) of the journal, study design, the nutrition and nutrition-related exposures, the type of dietary intake, the NCDs studied, age group of the study population, lifestyle factors considered in addition to diet, and funding sources. The IF of the journal was reported according to Journal Citation Reports by Thomson Reuters [18] and the number of citations for each article was retrieved from Scopus.
Identification

Collating, summarizing, and reporting the results
Data was entered into the Statistical Package for the Social Sciences (SPSS) software version 23.0 for Windows [19] . Data files were checked for completeness. Descriptive statistics were presented as proportions, n (%). The number of papers in each Arab country was weighted by its population size in order to account for more populous countries and this was reported as number of articles per million. In addition, in order to study the extent to which each country is conducting research to address its NCDs burden, the number of articles was weighted by NCDs mortality in the country and this was reported as number of articles per 1000 NCDs deaths. 
Gaps in nutrition and NCDs research in Arab countries
This review of research articles identified a number of gaps in nutrition research in relation to NCDs in Arab countries. These gaps were related mainly to the design of the studies, type of nutrition exposures used, methods of dietary assessment and their validity, age groups of focus, and consideration of other environmental factors in addition to nutrition.
Regarding the study designs, close to half of the studies reviewed were laboratory-based (48.7%). The second most common study design was cross-sectional (26.1%). Interventions and cohort studies constituted 6.9% and 1.5% of identified studies, respectively ( Table 1 ). The proportion of intervention studies found in this review was lower than those obtained for Europe (8%), Sub-Sahran Africa (9%), Germany (11%) and USA (12%) [21] . In this review, when NCDs and their metabolic risk factors were examined separately, over 40% of the studies were laboratory-based, except for obesity and hypertension where cross-sectional designs were most common (44.7% and 46.9%, respectively; Table 2 ). Although well-designed cross sectional studies generate valuable information, cohort and intervention studies are listed second in terms of strength of evidence as reported by the pyramid of medical studies (after metaanalyses and systematic reviews), while cross-sectional and in-vitro (laboratory) designs are listed in the fifth and sixth places of the pyramid [22] . In fact, in Arab countries, the limited funding allocated to research could be considered a limiting factor in conducting cohort and intervention studies [23, 24] . Hence, it is important to recommend a greater investment in research in order to expand and diversify the type of research designs in the area of nutrition and NCDs.
An important gap identified in this review was related to the type of nutrition exposure, whereby the majority of studies in Arab countries considered a single nutrient/food/food group with very few studies addressing dietary patterns as an integrated approach for the evaluation of dietary intake. In fact, in this review, 38.4% of studies investigating dietary intake in relation to NCDs focused on food items or food groups (such as fruits and vegetables, milk and milk products, etc), 36.5% considered either energy, macro-or micronutrients (separately or in combination). Dietary patterns and therapeutic diets were examined in 6% and 6.4% of papers, respectively (Table 1) . These findings are not in line with the recent recommendations in nutrition research to shift away from calorie counting and single nutrients or foods and shift towards overall diet quality and food patterns, particularly in the case of NCDs [25] . These diseases have complex etiology and it is rather unlikely that their development could be mediated by a single nutrient or food [26] [27] [28] [29] [30] . From a conceptual perspective, the evaluation of the overall dietary patterns appears closer to real dietary practices and may capture the complexity of diet that is often lost in single nutrient-based analyses [26] . Furthermore, the dietary patterns approach accounts for the collinearity between nutrients or foods [31, 32] . Therefore, the nutrition research community has emphasized the integration of dietary patterns in the studies of the association of nutrition with NCDs, especially as public health recommendation and dietary guidelines ensuing from such studies may increase the adherence to these recommendations by the community [33] [34] [35] .
Whether in the form of single nutrient/food/food group or as dietary patterns, assessing nutrition and dietary exposures requires the use of specific tools (such as FFQs, 24 h dietary recalls, diet records, etc) that ought to be validated in the population they are intended to be used with. The findings of this review showed that FFQs were the main dietary assessment method used (51%), however, only 35% of these FFQs were validated. Other dietary assessment methods used included qualitative assessments (22%), 24 hour recalls (14%), food records (6%) and 7-day food duplicates/weighing (2%; Fig. 2 ). The predominant use of FFQs as dietary assessment tool found in this review could be reflective of their advantages in terms of reflecting long term food intake patterns, ease of administration, minimal intrusion, and relatively lower cost [36, 37] . However, the finding of this review that only 35% of the FFQs used were validated is alarming as it affects the quality of estimation of dietary intake. Validating FFQs and other dietary assessment tools is critical for assuring an accurate reflection of dietary intake in a defined population [38] .
An additional gap noted in this review is related to the age groups covered by these studies. The majority of papers addressed the role of nutrition in NCDs among adults (42.2%) and the elderly (31.8%), while less than 10% focused on pregnant women, infants, or children (Table 1 ). This finding is important especially in light of the recent evidence that early life is a critical window of opportunity for prevention of NCDs. In fact, the last decade has witnessed a plethora of research highlighting the importance of optimal nutrition during the first 1000 days for improving growth and birth outcomes as well as affecting the incidence of NCDs risk later in life [39] . In the 22 Arab countries studied, mother and child cohort studies addressing nutrition and NCDs are limited [40] . Such cohort studies have emerged in most parts of the world as a preferred tool to produce the context specific evidence necessary to formulate guidelines aimed at preventing NCDs [41] .
The results of this study also showed that 80% of articles considered the relationship between nutrition and NCDs in isolation from other environmental exposures with only few studies examining exercise or smoking in addition to nutrition (11.4% and 1.3%, respectively; Table 1 ). The etiology of NCDs is complex and is dependent on exposure to many environmental factors, rather than a single factor. In fact, prospective epidemiological studies, randomized prevention trials, and many short-term studies have shown that modifiable environmental factors, including diet, physical activity, smoking, and alcohol, are all implicated in the prevention as well as the management of NCDs [42] . Although studies of the association between each of those factors and various NCDs have greatly advanced our understanding of the reasons for the increasing prevalence of these diseases, lifestyle factors often exert their effects in a synergistic manner which would not be captured when studying each factor individually [43] . The results of this review highlighted the need to include other factors such as physical activity and smoking in addition to diet.
Opportunities in nutrition and NCDs research in Arab countries
The opportunities unearthed by this review are mainly related to an increasing interest in nutrition and NCDs research, as reflected by the increase in the number of articles published over the years and by the socioeconomic gradient of countries where these articles originated.
During the years that this review covered, there was a steady increase in the number of articles addressing the association of nutrition and NCDs, with the number of articles The most frequently reported method was the FFQ (51%), followed by qualitative assessments (23%), 24 hour recalls (14%). Food records and 7-day food weighing were reported in 6% and 2% of articles, respectively. It is important to note that 65% of the FFQs used were not validated in the populations they were used for in these articles. (Fig. 3A) . This trend held for the majority of countries, except Bahrain and Morocco where no clear increasing trend in the number of published papers was observed (Fig. 3B) . These results reflect a promising momentum in these countries in researchers' interest to study the association between nutrition and NCDs. This momentum may be guided in future nutrition research to fill the identified gaps.
Further examination of the distribution of published articles among the various countries of the Arab world revealed the opportunity of a possible synergy that may result from research collaboration between the HIC and MIC. In the 22 Arab countries studied, wealth was related to more proliferous research activity in the area of nutrition in relation to NCDs. For instance, examination of the number of articles (before adjusting for population size) from each country showed that almost 41% of those reviewed originated from HIC, with KSA alone providing 27.5% of the Arab countries' research output. Upper-MIC and low-MIC contributed 29.4% and 29.7% of the total count of papers, respectively. There were no articles published in the LIC. Compared to the MIC and LIC, HIC also had the highest estimates of article counts per 1000 NCDs deaths (Table 3) .
In this review, the positive association of wealth with the number of research articles was not paralleled by a similar association with the IF of journals where these publications were featured or with the citation numbers of these articles. In fact, the findings of this review showed that in MIC the mean IF of journals where articles were published and their citation numbers were comparable and in a few instances higher than the mean IF and citation numbers of research articles in HIC (Table 3) . It is noteworthy that the highest mean IF was found for Palestine (10 ± 18.7, Table 3 ). It could be argued that Palestine and other MIC have been undergoing a gradual progress in research expertise and infrastructure over the past few decades, which has led to more established research networks and stronger nutrition departments in these countries, whereas oil-producing Arab countries have embarked more recently on investing their wealth in research advancement [44] . Supporting this argument is the high productivity (in terms of published papers per institution) of certain institutions in MIC, despite the fact that HIC has an overall higher count of published papers. In fact, the results of this review showed that 6 out of the 10 leading institutions in research productivity (number of articles per institution) belonged to MIC (Table 4) .
These findings encourage the collaboration between HIC and MIC, especially in light of the significant burden of NCDs among these countries, communalities in dietary intake, and similar nutritional challenges that these countries are facing [1] . Such an opportunity is exemplified by the Qatar National research Fund (QNRF) in Qatar, whereby the QNRF (as a resourceful funding agency in the Arab world) supported collaborative research networks between Qatari and nonQatari investigators including those from Arab MIC [45] . For instance, the QNRF recently funded the first mother and child cohort study in the Middle East to examine the early lifestyle determinants of NCDs in both Lebanon and Qatar (including nutrition) [40] . Although the QNRF offers a promising model of HIC and MIC collaboration, additional similar models are needed to address the heavy burden of diseases in these countries. The findings of this study also showed that a few MIC and LIC Arab countries have limited research output in the area of nutrition in relation to NCDs, despite the considerable NCDs burden in these countries. The developing status of these countries compounded by significant political unrest may be an underlying factor leading to this situation. This finding underpins the recommendations that future studies should investigate human resources and expertise, A B that financial support should be provided for nutrition and NCDs research in these countries, and that funding allocation should be prioritized as this appears to be an issue in both HIC and MIC. A couple of limitations must be considered in interpreting the findings of this review. The first limitation is related to the percentage of indexed Arabic journals covered by this review. While the use of PubMed, Embase, Scopus, EBSCO, and ProQuest in this review covered 82% of indexed Arabic journals, 18% (13 journals) were not accessed [16] . Another important limitation could be due to the consideration of the IF and number of citations as indices to reflect the research quality. The use of these indices has been increasing, as they are quasi-qualitative indicators that are readily obtained, providing a measurable assessment of scientific journals and articles. They are used for the assessment of research performance of regions, centers, groups, and even individual scientists [46] . Despite these advantages, there are important limitations to the use of IF and number of citations as visibility indicators of research, most importantly their "lack of timeliness." A considerable amount of time usually passes before an article will be cited: The article first must be read and cited by other researchers whose articles require additional time to be published. This process may take many months or years [47] . Furthermore, these indices are less reflective of impact and quality especially when used for journals in peripheral countries where local journals are covered (as is the case of some journals in many Arab countries). Here, the use of the IF as an indicator of quality will lead to a decrease in the perceived quality of the country's research profile, since national journals usually show very low IFs [48] . Future studies should consider other measures of research quality such the newly proposed Web-based altmetrics [49] .
5.
Process for the development of a research agenda habits, and cultural specific dietary and lifestyle factors associated with NCDs [50] . The second stage should aim to map the nutrition and NCDs research among Arab countries, which includes an identification of research gaps and opportunities in the country (as conducted in this study) and an examination of available resources needed for this research. These resources include, among others, financial resources, human expertise, infrastructure, and available policies and procedures. The third stage is multistakeholders' priority setting and consensus building to establish an agenda to address nutrition and NCDs research, taking the results of the first 2 stages into consideration. The stakeholders who may be involved include research institutions, policy and decision makers, NGOs and community representatives, research end-users, and funding agencies [12] . Their efforts could be led by national governmental research agencies that will unite the various groups, translate between the different languages and fields of expertise, and facilitate interactions [51] . Such meetings would be necessary to move the identified research priorities from the realm of academia into that of the formal agenda of donors and policy makers [52] .
The aforementioned suggested process for the formulation of an informed research agenda is comparable to that proposed by the Sustainable Nutrition Research for Africa in the Years to come (SUNRAY) [53] . Both processes included mapping of current research, evaluation of capacity in nutrition research, stakeholder's consensus building and priority setting.
6.
Future research directions in the area of nutrition and NCDs in Arab countries
Moving forward, Arab countries may follow the proposed process of developing a research agenda, including collecting Multi-stakeholders' priority setting and consensus building to establish the research agenda taking into consideration the results of stages 1 &2. Fig. 4 -A 3-staged process to support the process of development of an informed research agenda related to NCDs nutrition research in Arab countries.
missing knowledge about nutrition and NCDs, mapping of research related resources, and identifying their research priorities. The priorities identified will guide policy makers and other stakeholders, including members of the research community, funding agencies, NGOs, and the private sector to conduct relevant research for the development of culture specific and evidence based intervention strategies to curb the escalating prevalence of NCDs in these countries.
Conclusions
The findings of this study have highlighted gaps and opportunities in nutrition and NCDs research in Arab countries needed for the formulation of an informed research agenda. The main gaps were related to limited diversity of research designs with a focus on laboratory studies, emphasis on single dietary exposures as opposed to dietary patterns, limited use of validated dietary assessment tools, scarcity of studies addressing early life nutrition exposures, and considering nutrition in isolation of other environmental risk factors. The opportunities suggested were the promising interest in studying nutrition and NCDs, as evidenced by the increasing number of articles over the years, and a potential synergistic collaboration between high and middle income Arab countries. In addition to highlighting these gaps and opportunities, this review presented a 3-staged process that constitutes a preliminary roadmap supporting the formulation of an evidence informed research agenda for the perusal of concerned stakeholders. Within this context, funding agencies are encouraged to support a priority setting exercise in the field of nutrition and NCDs research in Arab countries.
